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Fresnel Equations for a three-layers complex system
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Critical Angle
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Fig. 3. (Color online) Core of the test device. (a) Planar
glass 18 immersed in a flow cell with the analyte liguid.
Light is applied at incidence angle { from a y=45" surface.
(b) Three-dimensional sketch of the planar glass.
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Detector

bevel on one end of the slide,
onto which an analyte is flowed
(see figure). This configuration
generates multiple internal re-
flections, amplifying the discon-
tinuity in the critical angle. To
test the sensitivity of the device,
six concentrations of ethanol
from 0% to 1% in water were
used as the analyte. For this ex-
periment, an uncoated slide was
used, meaning that SPR is not
involved in the measurement.
Analysis produced a refractive-
index sensitivity on the order of
10~6—better than SPR sensors,
and close to the best sensitivity
ever recorded. Improvements in

In the refractive-index sensor, planar glass is im- beam divergence, focusing, de-

mersed in a flow cell with the liquid to be analyzed
(top). A 3-D sketch of the planar glass (bottom)
shows how light is applied at an angle t to its y =

45° surface.

ing. Light from a HeNe laser at 670 nm
is input at variable angles to the 45°

tector sensitivity, and A/D con-
verter resolution could further
improve the sensitivity values.
Researcher Ruggero Michelet-
to became interested years ago in the
tiny discontinuity that appeared to the

left of the SPR peak—originally, deemed

“unimportant” by colleagues. But even-

tually, he made rigorous but basic calcu-
lations that demonstrated the presence
of an actual infinite discontinuity in
that point, and working with Teramecs,
realized a first prototype. “We believe
that critical-angle systems can be used
to realize extremely sensitive devices
for specific molecules,” adds Michelet-
to. “Though the sharpness of the dis-
continuity precludes us from detecting
a wide range of samples simultaneously,
it is foreseeable to realize dedicated sen-
sors for specific molecules with ultra-
high sensitivity. We envision new gas
sensors, pollution sensors for liquids,
environmental sensors, or even tem-
perature sensors (temperature alters the
index of refraction).”

Gail Overton

REFERENCE
1. R. Micheletto et al., Optics Letters 30(2) 205
(Jan. 15, 2006).
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A multiple reflection passive amplification
vibration sensor
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Optical nanometer-scale sensing of mechanical vibrations with a planar
glass at critical angle

Ruggero Micheletto® and Yoichi Kawakami
Graduate School of Engineering, Department of Electronic Science, Kyoto University, Nishigvo-ku,
Katsura, 615-8510 Kyoto, Japan

Katsumi Hamamoto
Teramecs Ltd., 97 Higashi Kovanouchi-cho, Takeda, Fushimi-ku, 6012-8448 Kyoto, Japan

(Received 30 October 2006; accepted 16 May 2007; published online 15 June 2007)

The authors have devised an optical multireflection system to detect nanometer-scale mechanical
vibrations in a very simple and cost effective manner. The system is based on a planar glass,
reflecting laser light internally a number of times in near critical angular conditions. Any small
angular displacement results in an abrupt change of reflectivity. Monitoring the light at the exit of
the device results in extremely high sensitivity to small mechanical vibrations. Calibrated tiny
vibrations of 2.4 nm were resolved corresponding to an angular shift of about 2 x 1077 rad.

© 2007 American Institute of Physics. [DOI: 10.1063/1.2747676]




The development of a super high
sensitivity shadow sensor for
Gravitational Waves detection
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The Remote Shadow Sensor

RSS

Rod
monitoring

Consolidate
KAGRA data

Improved
sensitivity

The goal of this research is to
realize a super-high sensitivity
“remote shadow sensor” (RSS) for
the future KAGRA seismic waves
detector.

This sensor will monitor optically
the position one of the rod that
holds the main mirrors of the

KAGRA system.

RSS will be able to detect fraction of
nanometer displacements of the
rods. It an auxiliary sensor very
important to consolidate the data
collection acquired in KAGRA.

RSS values can be feed to other on-line detectors for
~ real-time analysis, error reduction and improved sensitivity. |
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The Remote Shadow minimal sketch
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Design goals:

The shadowmeters, two for each test mass, will be located on the roof of the
experimental halls, rigidly anchored to the ceiling rock, and will measure the
longitudinal and transversal positioning of the suspension wire descending
from the higher tunnel, with precision better than 10nm.

. J

|

" The LVDT of the inverted pendulum are sensitive to both the horizontal )
motion and tilt induced by the micro-seismic peak or other seismic

activity. The shadowmeter and LVDT differential signal is sensitive only

to the tilt of the rock, while the LVDT and shadowmeter common signal

\_ IS sensitive to the horizontal motion of the rock )

N\

_ Complement other
Geophysical KAGRA sensors
interesting signals




Design issues:

What light source ?

o\

Stability .
T Total internal
reflection
Absorbency o \
l Radiation
pressure cavity modes

Thermal

effects

Plasma resonance
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Design issues:

What detection geometry ?

/

Sensitivity Passwe amplification
/ ‘\ (Multiple reflections)
NO|Se Fancy

structures



Design issues:

What detector ?

S T

differential

N

Photo resistive others
diode

Integral

Speed

Noise _ = Sensitivity

‘Integration with
External system




Optimization issues:

- laser stability
- optimal lambda

- radiation pressure

- detector noise

- thermal coupling

- minimal displacement

- data compatibility
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